Aims: Breast cancer treatment may result in long-term upper limb morbidity: reduced range of motion of the shoulder, muscle weakness of the arm and hand, lymph edema, pain and numbness. Relationship of this late morbidity with activities of daily life (ADL) and quality of life (QOL) is infrequently described and the strength of this relationship is not clear. Methods: A systematic review was performed to evaluate the results of studies, analyzing late morbidity of breast cancer treatment in relationship with ADL and/or QOL. A literature search over the last 20 years (1980±2000) was performed in the databases MEDLINE, EMBASE, PSYCHLIT and CANCERLIT. Methodological quality of selected articles was assessed and additional, aspects of treatment related late morbidity and the relationship to ADL and/or QOL were summarized. Results: From the 1642 yielded articles 15 fulfilled our primary selection criteria. Only six articles could be selected due to the inappropriate methodological quality. There was high variation in prevalence of pain (12±51%), impairments in range of motion (2±51%), edema (6±43%) and decreased muscle strength (17±33%). Four articles reported significant relationships between late morbidity of the upper limb and perceived disabilities in ADL/QOL. The strength of these relationships was rather low. Conclusions: Few studies investigated the relationship between late morbidity of the upper limb after treatment of early breast cancer and ADL/QOL. Significant relationship between late morbidity and restrictions of daily activities and poorer QOL was reported, however, the strength of this relationship was rather low.
INTRODUCTION
The incidence of breast cancer in the Netherlands is 100/100 000 women per year. 1 One out of nine women will develop breast cancer, of which 79% will survive at least 5 years. 1±3 The aim of breast cancer treatment is to obtain maximal locoregional control, optimal lymph node staging with minimal treatment related morbidity, good functional result and when possible preservation of the breast.
Halsted introduced in 1894 the radical mastectomy in the treatment of breast cancer. 4 The radical mastectomy was associated with extensive upper limb morbidity including impairments such as reduced range of motion of the shoulder, muscle weakness of the arm and hand, lymph edema, pain and numbness. 5±8 Fortunately, these impairments have become less common as the radical mastectomy has been replaced by the modified radical mastectomy in which the pectoralis muscles were preserved. 7 ,9±13 Breast conserving treatment, consisted of local tumor excision and adjuvant radiation treatment of the breast, was introduced for early breast cancer in the sixties and further developed in the seventies and eighties. 14±20 However, these less extensive procedures still resulted in upper limb morbidity in a considerable amount of patients.
21±24
The axillary lymph node status is the most significant prognostic variable in patients with breast cancer. diagnostic and treatment procedure. 27 This dissection may also result in long-term upper limb morbidity. 6,8,24,27±31 Recently the sentinel node procedure was introduced to reduce the number of unnecessary axillary lymph node dissections, and thereby reducing treatment morbidity from a complete axillary lymph node dissection.
32±35
Additional radiation therapy of the axilla may increase upper limb morbidity due to late normal tissue radiation injury. 6,23,30,36±41 The appearance of this type of injury dictated a stepwise reduction in radiation dose and increasing fractionation throughout the sixties. 21, 22 Since the early seventies the standard treatment policy of radiation therapy is a moderate doses (50 Gy) to the breast and locoregional lymph drainage area such as axilla and supraclavicular, with higher doses directed only to the tumor bed. 21 Radiation therapy only to the breast did not increase incidence of upper limb morbidity. 28 The incidence of late morbidity after breast cancer treatment: arm edema and reduced range of motion of the shoulder, varies widely due to differences in study population, surgical procedures, radiation dose and fractionation and assessment methods.
Late morbidity may interfere with activities of daily life (ADL) and quality of life (QOL). 42±44 However, it is not clear how strong the relationship is between late morbidity (pain, edema, restriction of range of motion and muscle weakness) and ADL and QOL. This systematic review was performed to evaluate the results of studies, analyzing late morbidity of breast cancer treatment in relationship with ADL and/or QOL.
METHODS

Literature search
The search for relevant publications in the literature over the last 20 years (1980±2000) was performed in the databases MEDLINE, EMBASE, PSYCHLIT and CANCERLIT. Three sections of mesh headings were used. The first section contained the mesh headings breast cancer' or`mastectomy'. The second section contained`physical examination',`edema',`lymph edema',`paresthesia',`arm',`morbidity' or`ADL'. Mesh headings in the third section were`QOL',`follow up', treatment outcome',`rehabilitation',`disability evaluation',`prospective studies',`functional assessment' or assessment'. Additional words such as`functional', sensation',`fractionation',`conserving' were searched in the title of the publications. Finally the three sections were connected to each other. No language restriction was applied. The abstracts of publications found were screened and selected by the first author (JR) on the basis of the following criteria:
1. the patients must have early breast cancer, defined as a clinical stage I (pT 1 N 0 M 0 ) or II (pT 1,2,3 N 0,1 M 0 ), 2. the treatment modalities studied, must either be a modified radical mastectomy or breast conserving surgery alone or in combination with radiotherapy and/or chemotherapy, 3. late morbidity of the locomotor system must be studied with an interval of minimal one year after the surgical treatment, 4. the relationship of this late morbidity with ADL and/or factors of QOL must be investigated.
Lastly, the reference list of the selected articles generated by the search and the screening were searched for articles not found by the computer. Excluded were case reports, pilot studies and abstracts.
Critical review
The quality of the selected articles was assessed by using a checklist of 30 items concerning general methodological aspects of the studies and the assessment tools used (Appendix 1). The greater part of the checklist (items 13±29) was related to the application of measurement instruments and the description of their reliability and validity. Reference articles cited by the authors in relation to reliability and validity of the measurement instruments were retrieved and also assessed according to the same criteria.
The criteria were scored on a dichotomous scale: score`1' if the criterion was met and`0' if the criterion was not met. Two reviewers ( JG, PD) independently assessed all the selected articles. In a consensus meeting the scores of the two reviewers were compared. As a measure of interobserver agreement Cohen's Kappa was calculated. When there was disagreement in the assessment score, consensus was reached by means of discussion. In cases of persistent disagreement a third reviewer ( JR) gave the final judgment.
In addition to the methodological assessment of the articles (Table 1) , aspects of treatment related late morbidity and the relationship of this late morbidity to ADL and/or QOL were summarized ( Table 2) .
RESULTS
The literature search yielded 2127 articles of which 485 articles were double registered thus 1642 articles remained. From the 1642 articles 15 fulfilled the previous described selection criteria. 30,39,41,43±54 Another 31 reference articles were retrieved necessary for assessment of the methodological criteria.
Cohen's Kappa was 0.88. In all scores a consensus was met. Seven items (items 6, 18, 20, 24, 26±28) of the criteria list scored constant. After exclusion of these seven items from the calculation, the Cohen's Kappa was 0.87.
In Table 1 the consensus score for each article is presented. The maximum score that could be obtained 
Measurement instruments Total  13  9  8  6  10  6  11  9  8  12  8  9  12  5  12 Abbreviations: The assessment items 1±30 are fully described in Appendix 1. 43 Six out of the 15 articles reached a score of one-third (10) of the maximum score. The general methodological aspect of the studies (items 1±11 and 30) scored moderate within these articles. In 14 articles there was a clear description of inclusion criteria. However, exclusion criteria were only mentioned in four articles. In most studies the study design was prospective or at least longitudinal. Only two studies accomplished the criteria of a randomized control study. In nine of the studies a stratified analysis was applied. The extent of the surgical procedure was more frequently described (10 times) as compared to the extent and dose of the radiation therapy (seven times). Adjunctive treatments such as chemotherapy or hormonal therapy were reported in seven articles. Eleven articles reported the number of dropouts. In two studies a pretreatment baseline assessment was performed. 41, 50 All articles described the measurement instruments used (items 12±17). Most frequently these instruments assessed pain, lymph edema or functional performance (items 13, 15 and 16). In only five articles, instruments to assess range of motion or strength were used. The items reliability and validity of the measurement instruments (items 18±29) scored poorly. Six articles fulfilled some of these items. Out of the measurement instruments, reliability of QOL questionnaire had the highest score with a positive assessment within four articles.
As mentioned, six articles fulfilled ten or more of the methodological criteria (Swedborg et al., 1981, 43 Segerstro È m et al., 1991, 46 Maunsell et al., 1992, 49 Tasmuth et al., 1996, 50 Sugden et al., 1998, 41 Hack et al., 1999 54 ) and these articles will be discussed in more detail ( Table 2) . The surgical treatment modalities described in these six articles were modified radical mastectomy or breast conserving treatment both with axillary clearance. Only in the article of Maunsell et al., 1992 it was reported that 7% of the patients had no axillary clearance. 49 In the two earliest articles, only modified radical mastectomy with axillary clearance was applied. 43, 46 In the two most recent studies two-third of the patients had a breast conserving treatment. 41, 54 Radiation therapy was applied in all studies on chest wall or breast covering the parasternal and supraclavicular nodes and adjuvantly at the axillary nodes in four of the studies. 41, 43, 46, 50 In one article the radiation therapy was not specified. 49 
Late morbidity
Pain All six studies assessed the incidence of pain. The assessment instruments varied from self-constructed questionnaires, subjective rating scales and VAS scores to validated pain questionnaires. One study used three different instruments to assess pain. 54 The prevalence of pain one year or later after treatment of breast cancer ranged from 12±51% between the studies. No significant relationship was found between pain perception and the type of breast surgery (conservative or amputation) and radiation therapy. 41, 50, 54 One author found a significant relationship between pain, age, number of axillary nodes dissected and chemotherapy. 54 Factors increasing pain were sleeping on the operated side, reaching out, carrying, working with the arm, housework and handicraft. 50 It was found that the incidence of pain increased from 23 to 39% in the follow up from 14 to 38 months after treatment. 46 However, others found a decrease in the incidence of pain 6 to 12 months after treatment 50 or did not found a relationship to the time elapsed since the treatment. 54 Thus no clear relationship between pain and follow up period after treatment can be deduced from the reviewed articles.
Range of motion
The assessment of the range of motion of the arm was performed by physical examination 41, 43, 46, 50, 54 or a subjective rating by the patient. 49 A goniometer was used only in one article. 41 Maunsell et al. assessed the range of motion by letting choose the patient from five images representing the capacity to lift the arm through a 180 range. 49 Abduction of the shoulder was assessed in all studies.
The prevalence of restricted range of motion of the affected arm varied from 2 to 51% of the patients. A severe reduction of the range of motion (more than 50% reduction) was found in 2% of the patients. 43 The mobility of the shoulder was significantly less for the patients receiving radiotherapy on the axilla. 41, 43 Range of motion was significantly smaller in the patients with mastectomy as compared with patients with a breast conserving treatment. 41 
Edema
Swelling of the affected arm was assessed in five studies. Different methods were used. Two studies used thè water displacement method', 43, 46 two studies used the circumference method 41, 50 and one 49 used a questionnaire to assess perceived problems as a result of edema. Different criteria for edema were used. Edema of the arm was defined as a volume difference between the arms of more than 10% 43 or 150 ml, 46 an increase of the circumference of the affected arm on two sites of at least 2 cm compared to the preoperative circumference 50 or a relative arm circumference value of more than 110% compared to the contralateral arm. 41 The prevalence of arm edema varied from 6±43%. Patients with mastectomy had significantly more frequently edema as compared to patients with breast conserving treatment. 41, 50 Edema of the arm correlated significantly with axillary lymph node dissection and receiving radiotherapy.
43,49
Strength
Muscle strength of the arm at the treated side of the patients was assessed in four studies. The assessment method varied from physical assessment of grip strength 43, 50 to subjective reported weakness. 49, 54 The prevalence of strength reduction ranged between 17 and 33%. The decrease in grip strength is significantly greater if the dominant side had been operated as compared with the non-dominant side. 50 Activities of daily life and quality of life All studies assessed although in different ways the relationship between the late morbidity and ADL and QOL. The assessment instruments used, varied from self-constructed questionnaires, subjective rating scales concerning performed ADL to reliable and valid questionnaires ( Table 2 ). None of the six selected articles described valid or reliable instruments for assessment of ADL. Only one author used a reliable and validated instrument; the pain disability index (PDI) to assess pain related disabilities. 54 Four studies assessed some aspects of QOL, but only one study used a valid and reliable instrument; the European organization for research and treatment of cancer quality of life questionnaire (EORTC QLQ-C30). 54 Relationship of late morbidity to ADL A significant relationship was reported between edema and restricted range of motion and patients own assessment of functional impairments. 46 Although 9% of the patients showed some restriction in daily life activities through edema, 50% reported interference of their swollen arm with household chores. 43 One author used a scale, which contained ten functions of daily independent living to assess functional ability. 41 Patients with a mastectomy reported more problems as compared to patients with a breast-conserving treatment. Functions of ADL giving difficulties for both groups were: pulling sweater over head (20%), fasten bra (18%), doing up back zipper (72%), reaching over head (16%) and carrying heavy bags (29%). 41 ADL such as sleeping on the operated side, reaching out, working with the ipsilateral arm, housework or handicraft are significantly correlated with perceived aggravation of chronic post-treatment pain intensity. 50 
Relationship of late morbidity to quality of life
The number of perceived arm problems 18 months after treatment of breast cancer was significantly associated with high psychological distress assessed in Psychiatric Symptom Index. 49 Compared with women reporting no problems in the affected arm due to late morbidity, the adjusted odds ratios for having substantial psychological distress in women reporting one or two, three or four and five to six arm problems were 1.9, 4.4 and 6.1 respectively (1 2 for trend 14.0, P 0.0002). 49 Women who had axillary dissection reported significantly more arm problems due to late morbidity.
The number of symptoms reported preoperatively and the number of chronic symptoms of late morbidity in the operated side correlated significantly with the level of anxiety and depression. 50 One author investigated the physical and psychological morbidity after axillary lymph node dissection using the EORTC QOLQ-C30. 54 Overall, just about half of the patients experienced pain-related discomfort and disability. The QOL and mental health of the patients were generally good. Regression analysis showed a significantly negative association between patients subjective reports of pain and the QOL. The disabling impact of their pain on selfcare, sexual activities and general arm motion predicted a poorer mental health. 54 
DISCUSSION
In the last 20 years only a few studies investigated the relationship between late morbidity of the upper limb one year or later after treatment of early breast cancer and the perceived disabilities and/or QOL. 30,39,41,43±54 A systematic literature search revealed 15 articles out of 1642 articles. The methodological quality of these 15 articles was poor. Only 6 of the 15 articles fulfilled one third of our criteria. The checklist applied in this review consisted of two parts, one concerning general methodological aspects of studies and one concerned assessment instruments and their reliability and validity. If we skipped the criteria covering reliability and validity of applied assessment instruments and used the same relative cut off point, 14 articles would be included. However, we set a high standard and justify this choice as follows: if a relation between impairments and disability and/or QOL is found, it must be clear that these conclusions depend on outcomes of reliable and valid assessment instruments. Because of the differences in the assessment techniques used for the impairments as well for the disabilities and/or QOL and because of the poor methodology, no meta analysis could be performed.
To analyze the interobserver agreement, all the selected articles were assessed by two reviewers independently. After exclusion of seven items of the methodological checklist which scored constant and thus may give an artificial high overall Cohen's Kappa, the measure of agreement remained high (overall Cohen's Kappa: 0.87).
Only two studies, Swedborg et al. and Aitken et al. described the design of a randomized clinical trial. 39, 43 However, in relation to the topic of this systematic review the type of study design is of less importance. Surprisingly only two studies applied a pretreatment baseline measurement. 41, 50 In our opinion this baseline measurement is of considerable importance to assess a point of departure by which the later measurements can be compared.
Assessment of late morbidity
As mentioned earlier a great variability in the applied assessment instruments for impairments was found. In addition, no uniform criteria exist for impairments in pain, range of motion, volume or muscle strength. This lack of criteria may partly explain the variation in prevalence of pain (12±51%), impairment of range of motion (2±51%), edema (6±43%) and decreased strength (17±33%). 41, 43, 46, 49, 50, 54 The different treatment modalities in the selected studies may also attribute to the variation in prevalence of impairments, as was found by Sugden et al. who reported that patients with a mastectomy had significant more restrictions in range of motion and edema compared to patients with a wide local excision. 41 Assessment of ADL and/or quality of life Also a wide variability in assessment instruments for ADL was found. The lack of uniformity and reliability/ validity of these instruments weakened the validity of the results of the different studies. Additionally comparison of the results is very difficult. Only four articles assessed some aspects of QOL. 43, 49, 50, 54 It seems that QOL is valued poorly in studies concerning the treatment for early breast cancer. However this impression may be the result of our selection criteria.
Late morbidity (impairments) in relation to ADL and/or QOL The six articles reviewed, reported relationship between the treatment of early breast cancer related impairments of the upper limb and perceived disabilities and/or QOL. Although the reported relationships were significant in four of the articles, the clinical relevance of this relationship is not clear. The data of Segerstro È m et al. show a rather low relative risk between the presence of edema of the arm and the assessment of functional impairments (RR 1.6). 46 The same RR (1.6) can be calculated for the presence of restricted range of motion and estimated functional impairments. 46 However, detailed description of these functional impairments is not given. A more detailed description of perceived problems of several ADL was given by Sugden et al. 41 The significant difference in prevalence of late morbidity between the two treatment groups (mastectomy and wide local excision) was also reflected in these perceived problems of ADL. But the author did not provide the strength of the relationship between late morbidity and perceived problems of ADL. An inverse relationship between the performance of ADL and aggravating pain was reported by Tasmuth et al.
50
Although a significant relationship was reported, the strength of the relationship was not described. Other results were reported by Maunsell et al. who found a strong relationship between the reported number of perceived arm problems and a high psychiatric symptom index. 49 The adjusted odds ratios for having substantial psychological distress in women reporting one or two, three or four and five to six arm problems were 1.9, 4.4 and 6.1 respectively (w 2 trend 14.0). Hack et al. reported a relationship between subjective reported pain and QOL but also in this study the explained variance was weak (r 2 14%). 54 Late morbidity was associated with axillary lymph node dissection and with axillary radiation therapy. 41, 43, 49, 54 These results may indicate an association between axillary lymph node dissection and/or axillary radiation therapy with poorer QOL. But the strength of this association is unclear.
CONCLUSION
In the last 20 years (1980±1999) only a few studies investigated the relationship between late morbidity of the upper limb one year or later after treatment of early breast cancer and the perceived disabilities and/or QOL. The overall methodological quality of these articles was limited. Little attention was paid to reliability and validity of the assessment tools. Six articles fulfilled one third of the estimated methodological criteria.
These six articles described significant relationship between late morbidity after treatment of early breast cancer and restrictions of daily activities and poorer QOL. However, the strength of this relationship is overall low or not given. Clinical relevance of the relationship is up till now poorly investigated.
27. The study received 1 point if validity of instrument(s) measuring lymph edema of the arm, has been reported by the authors or has been established in studies cited by the authors. 28. The study received 1 point if validity of instrument(s) measuring functional performance/ perceived disabilities, has been reported by the authors or has been established in studies cited by the authors.
29. The study received 1 point if validity of instrument(s) measuring quality of life, has been reported by the authors or has been established in studies cited by the authors.
Confounding aspects
30. The study received 1 point if adjunctive treatments are reported.
